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ABSTRACT 

Background: Oxcarbazepine, topiramate, zonis- 
amide, and levetiracetam are the antiepileptic drugs 
(AEDs) most recently approved by the US Food and 
Drug Administration. Based on the experience with car- 
bamazepine, gabapentin, and lamotrigine, these newer 
AEDs are being investigated for the management of 
neuropathic pain. 

Objective: This article reviews preclinical and clinical 
data on the efficacy and tolerability of these 4 AEDs in 
the management of neuropathic pain, as well as the 
pharmacokinetics, drug-interaction potential, adverse 
effects, and dosing of these agents, with an emphasis on 
their use in older individuals. 

Methods: Relevant studies were identified through a 
MEDLINE search of the English-language literature 
published between 1986 and May 2003, a review of the 
reference lists of identified articles, and abstracts from 
the annual meetings of the American Academy of 
Neurology (1986-2002) and the 2003 Annual Meeting 
of the American Pain Society. Search terms were oxcar- 
bazepine, topiramate, zonisamide, and levetiracetam. 

Results: Oxcarbazepine and topiramate have been 
effective in animal models of neuropathic pain. Thirty- 
four publications on the efficacy and tolerability of the 4 
agents were identified (25 case reports/case series, 6 ran- 
domized parallel-group studies, and 3 randomized 
crossover studies). The 9 randomized studies were re- 
stricted to oxcarbazepine and topiramate, and 23 (68%) 
publications were available in abstract form only. These 
preliminary data suggest that the 4 newer AEDs may be 
useful in a wide variety of neuropathic pain syndromes; 
however, additional data, including full-length peer- 
reviewed reports, are necessary before their true analgesic 
potential in neuropathic pain can be determined. All 4 



agents have pharmacodynamic interactions with other 
psychotherapeutic drugs, potentiating adverse central 
nervous system events such as sedation. With the excep- 
tion of levetiracetam, these drugs also have pharmacoki- 
netic interactions with other drugs, although to a some- 
what lesser extent than carbamazepine. These agents 
have some unique adverse effects not frequendy moni- 
tored by clinicians, such as hyponatremia, nephrolithiasis, 
acute myopia with secondary angle-closure glaucoma, 
and weight loss. 

Conclusions: Based on preliminary data, oxcarbaze- 
pine, topiramate, zonisamide, and levetiracetam may be 
useful in the treatment of a wide variety of neuropathic 
pain syndromes, although full publication of the results of 
controlled trials is awaited. These agents ar.e associated 
with specific adverse effects not commonly monitored by 
clinicians. Of the 4, levetiracetam appears to be easiest to 
use (ie, no need for dose adjustment in organ dysfunction, 
no need for laboratory monitoring) and best tolerated, 
and has not been associated with the unique toxicities 
seen with oxcarbazepine, topiramate, and zonisamide. 
The ultimate role of these agents in the therapeutic arma- 
mentarium against pain requires further research and 
experience. In the interim, these 4 agents should be used 
to treat neuropathic pain in the elderly only when carba- 
mazepine, gabapentin, or lamotrigine cannot be used or 
when the response to the aforementioned agents is sub- 
optimal. {Am J Geriatr Pharmacother. 2003;1:18-37) 
Copyright © 2003 Excerpta Medica, Inc. 

Key words: oxcarbazepine, topiramate, zonisamide, 
levetiracetam, neuropathic pain, antiepileptic drugs. 
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INTRODUCTION 

Anticpilcptic drugs (AEDs) are among the adjunctive 
drugs of choice for neuropathic pain of various types. 1 
The most commonly administered AED for pain has 
traditionally been carbamazepine. Newer AEDs, such as 
gabapentin and lamotrigine, may be even more useful 
and have been reviewed recently. 2,3 The AEDs are gen- 
erally better tolerated than the tricyclic antidepressants 
(TCAs). There is considerable intersubject and intrasub- 
ject variability in the pain-relief response to AEDs, mak- 
ing monitoring of serum drug concentrations of little 
practical value. 4 The variability in response to carba- 
mazepine, gabapentin, and lamotrigine has led to pre- 
liminary investigations of the most recendy approved 
AEDs for the management of neuropathic pain. 

This article reviews preclinical and clinical data on the 
efficacy and tolerability of oxcarbazepine, topiramate, 
zonisamide, and levetiracetam in the management of 
neuropathic pain, as well as the pharmacokinetics, drug- 
interaction potential, adverse effects (AEs), and dosing 
of these agents, with an emphasis on their use in older 
individuals. Relevant English-language publications 
were identified through a search of MEDLINE from 
1986 through May 2003 using the search terms oxcar- 
bazepine, topiramate, zonisamide, and levetiracetam. All 
articles dealing with these agents in the context of 
pain/analgesia were considered for review, as were their 
reference lists. Relevant abstracts from annual meetings 
of the American Academy of Neurology (1986-2002) 
and the 2003 Annual Meeting of the American Pain 
Society were also included. 

NEUROPATHIC PAIN IN THE ELDERLY 

Neuropathic pain is defined as pain initiated or caused 
by a primary lesion or dysfunction of the nervous sys- 
tem. 5 Pain arising from disorders of the central nervous 
system (CNS) or peripheral nervous system has tradi- 
tionally been classified by anatomic site and underlying 
pathology (usually axonal degeneration, segmental 
demyelination, or both). Classification systems based on 
the presumed etiology, such as metabolic (diabetes, 
hypothyroidism, amyloidosis), compression (tumor), 
toxic (various drugs), and infectious (postherpetic), have 
also been used. Others have advocated a mechanistic 
approach (ie, stimulus-independent vs stimulus-evoked 
pain) to more precisely define the clinical features of spe- 
cific syndromes. 6 

Many of the underlying causes of neuropathic pain are 
degenerative or age related. Thus, it is not surprising that 
neuropathic pain syndromes are more common in the 



elderly. In the general geriatric population, the incidence 
of neuropathic pain is probably second only to that of 
musculoskeletal pain. 7 The most common neuropathic 
pain syndromes in the elderly stem from strokes (central 
poststroke pain, thalamic pain), diabetes (painful diabet- 
ic neuropathy), herpes zoster infection (postherpetic neu- 
ralgia [PHN]), and trigeminal neuralgia. 7 * 8 Other causes 
that are more common in elderly compared with younger 
individuals include nutritional deficiencies, hypothy- 
roidism, multiple myeloma, use of nitrofurantoin (for 
long-term prophylaxis of urinary tract infection) or isonia- 
zid, connective tissue disease, peripheral vascular disease, 
and nontraumatic lower limb amputation. 9 Because sur- 
gery is a common mode of treatment for the maladies of 
advancing age, postoperative pain syndromes (eg, inter- 
costal neuralgia after thoracotomy, ilioinguinal neuralgia 
after hernia repair, radicular spinal pain) are not uncom- 
mon in older individuals. 10 

Although the symptoms and signs of neuropathic pain 
are similar in older and younger individuals, certain factors 
that may be present in older individuals can make assess- 
ment and management of neuropathic pain more difficult. 
These include the presence of an affective (depressed 
mood) component, modified pathophysiology, cognitive 
impairment, altered pharmacology (pharmacokinetics and 
pharmacodynamics), poor adherence to therapeutic regi- 
mens, and difficulty in assessing the suitability of particu- 
lar patients for nonpharmacologic interventions. 11 

For these reasons, any drug being assessed for efficacy 
and tolerability in the management of neuropathic pain 
in the older population should undergo a core group of 
clinical trials. This core should include trials investigat- 
ing the effects of aging and renal impairment on the 
drug's pharmacokinetics, and trials of potential drug- 
drug interactions with agents commonly used in older 
individuals that either have a narrow therapeutic margin 
or might potentially compromise efficacy by reducing 
drug bioavailability. Comparative trials including placebo 
and active comparators also need to be performed in the 
most common neuropathic pain syndromes in the elderly 
(at a minimum, painfiil diabetic neuropathy and PHN). 

THE EXPERIENCE WITH GABAPENTIN 

There is a large quantity of data regarding the efficacy 
and tolerability of gabapentin in the management of 
neuropathic pain. Open-label case reports and case series 
have involved >750 patients, and published controlled 
trials have included >500 patients with painful diabetic 
neuropathy, PHN, or multiple sclerosis. In human mod- 
els of neuropathic pain, gabapentin has been effective 
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against both spontaneous and evoked pain. At dosages 
up to 3.6 g/d, gabapenrin has been effective in a variety 
of neuropathic pain syndromes, including those refrac- 
tory to TCAs and other AEDs. Despite the higher costs 
of gabapenrin, many clinicians prefer this agent to TCAs 
and carbamazepine in the elderly. 

Gabapenrin is approved by the US Food and Drug 
Administration for the treatment of PHN in adults. At 
present, gabapenrin is considered first-line therapy for 
neuropathic pain in the elderly. When dosed appropriate- 
ly, it is well tolerated in the older population, even in the 
presence of renal impairment. CNS toxicity, including 
somnolence, dizziness, ataxia, tremor, and diplopia, is the 
major AE concern with this drug. A lack of clinically 
important drug-drug interactions makes gabapenrin eas- 
ier and safer to use in an elderly population receiving 
multiple drug therapies. Saturable absorption from the 
gastrointestinal tract and a short terminal disposition 
half-life (t 1/2 ) in the presence of normal renal function 
necessitate multiple (3-4) daily doses, with an attendant 
risk of nonadherence. 3 ' 12 " 15 Further data are needed, 
however, in the frail elderly in long-term care facilities. 

MECHANISMS OF ACTION OF 
OXCARBAZEPINE, TOPIRAMATE, 
ZONISAMIDE, AND LEVETIRACETAM 

Although the mechanisms of analgesic activity of oxcar- 
bazepine, topiramate, zonisamide, and levetiracetam are 
not known, it has been suggested that they relate to 
these agents' anticonvulsant activity. With the exception 
of levetiracetam, these newer AEDs have mechanisms of 
anticonvulsant activity similar to those of the older 
agents. Oxcarbazepine and its active 10-hydroxy 
metabolite inhibit voltage-dependent sodium channels, 
and the metabolite also inhibits potassium channels. 16 
Topiramate inhibits voltage-dependent sodium chan- 
nels, potentiates inhibitory gamma-aminobutyric acid 
(GABA)-ergic neurotransmission, antagonizes the 
kainate or alpha-amino-3-hydroxy-5-methyl-4-isoxazole 
subtype of the glutamate receptor, and inhibits carbonic 
anhydrase. 17 Zonisamide inhibits voltage-dependent 
sodium and T-type calcium channels and carbonic anhy- 
drase. 18 Levetiracetam inhibits calcium channels and 
delayed-rectifier potassium currents and antagonizes 
negative allosteric modulators of the GABA and glycine 
responses at a nonbenzodiazepine site. 19 

PRECUNICAL STUDIES IN ANALGESIA 

Few data have been published from in vitro and animal 
studies of these 4 agents as analgesics. Ichikawa et al 20 and 



Kguchi et al 21 examined the effects of oxcarbazepine and 
its 10-hydroxy metabolite in 2 well-established animal 
models of neuropathic pain: superficial peroneal nerve single- 
fiber excitation and tooth pulp-evoked potentials in the 
trigeminal spinal tract nucleus, both in anesthetized cats. 
Both moieties acted as dose-dependent inhibitors of 
evoked potentials in these models, supporting further eval- 
uation of oxcarbazepine as an analgesic compound. 
Topiramate has been evaluated in the Chung model of 
neuropathic pain (allodynia and hyperalgesia in the hind 
paws of rats subjected to tight ligation of the lumbar spinal 
nerves) 22 It acted as a dose-dependent inhibitor of allody- 
nia in both single- and repeated-dose studies, supporting 
further evaluation of this compound as an analgesic. 

CLINICAL STUDIES IN ANALGESIA 

Thirty-four publications on the efficacy and tolerability 
of the 4 agents were identified, the majority of them case 
reports or case series (25 case reports/case series, 6 ran- 
domized parallel-group studies, and 3 randomized 
crossover studies). The 9 randomized studies were 
restricted to oxcarbazepine and topiramate, and 23 
(68%) publications were available in abstract form only. 
These reports are summarized in tables appearing in the 
following sections. Although the results suggest efficacy, 
case reports and case series do not constitute definitive 
proof. Only randomized, placebo- or active-controlled 
trials can do this, particularly given the substantial place- 
bo response rates in chronic pain studies. In addition, 
noncontrolled reports tend to overstate efficacy and 
understate toxicity. 

An important potential confounder in pain studies is 
the continuation of baseline analgesia during use of the 
compound of interest. Many noncontrolled reports do 
not discuss whether baseline analgesia was or was not 
discontinued or tapered off during the initiation of study 
therapy. This may also be a concern in controlled trials 
in which drug/placebo or drug/active comparator are 
added to baseline therapy. In cases in which baseline 
analgesia is continued, it is impossible to distinguish the 
analgesic effect of the compound of interest from that of 
the combination of agents because of possible antago- 
nistic, additive, or synergistic pharmacodynamic effects 
or pharmacokinetic drug-drug interactions. 

OXCARBAZEPINE 

Table I summarizes the results of case reports, case 
series, and controlled clinical trials of oxcarbazepine in 
neuropathic pain. 23-38 The pharmacokinetic parameters 
of oxcarbazepine are summarized in Table \\}^ 9 ^ 9 ^ 2 
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Table II. Pharmacokinetic parameters for oxcarbazepine, topiramate, zonisamide, and levetiracetam. 16 " 1939 ^ 42 



Drug 


F; % 


max 


PPB. % 


Vd/F. Ukg 


t 1/? . h 


CL/F. mU/min 


Oxcarbazepine* 




4-6 


37-43 


0.7-0.8 


9 


0.85* 


Topiramate 


81-95 


1-4 


9-17 


0.6-0.8 


20-30* 


20-30* 












8-1 5 5 


40-60* 


Zonisamide 


2>50 


2-5 


40-50 


1.5 


56*U 


17-24* 












63-69*1 


30-50 5 












105* 














25-35 5 




Levetiracetam 


>95 


1 


<10 


0.5-0.7 


6-8* 


0.96* 












5-8* 





F = oral bioavailability;!"^ = time to maximum plasma concentration; PPB = plasma protein binding; Vd/F = apparent volume of distribu- 
tion; t 1/2 = terminal disposition half-life; CL/F = apparent total body clearance. 
'Data refer to the active 10-hydroxy metabolite. 
T mUmin per kg. 
^Healthy volunteers. 

'Recipients of enzyme-inducing antiepileptic drugs. 
^Single dose. 

^Multiple dose to steady state. 
♦In red blood cells. 



Pharmacokinetics 

Oxcarbazepine is a keto analogue of carbamazepine 
having the chemical formula 10,ll-dihydro-10-oxo- 
carbamazepine. Oxcarbazepine may be considered a 
prodrug for the active 10-hydroxy metabolite (10,11- 
dihydro- 1 0-hydroxy- 5H -dibenzo( b,f )azepine- 5 -car- 
boxamide, or MHD). After essentially 100% absorption, 
oxcarbazepine is converted to MHD almost immediate- 
ly by reduction of the keto group by cytosol arylketone 
reductase. Food exerts no clinically significant effect on 
the absorption of oxcarbazepine. The pharmacokinetics 
of MHD are linear (ie, maximum plasma concentrations 
[C M ] and area under the plasma concentration-time 
curve [AUC] increase in proportion to increasing 
dose). 43 Plasma protein binding of oxcarbazepine and 
MHD are not altered in patients with trigeminal neural- 
gia. 44 MHD is glucuronidated or converted to the dihy- 
droxy or transdiol derivative (10,ll-dihydro-10,ll- 
trans-hydroxycarbamazepine, or DHD), a reaction 
catalyzed by the cytochrome P450 (CYP) system. In 
contrast to carbamazepine, neither oxcarbazepine nor 
MHD undergoes autoinduction (ie, stimulates its own 
metabolism). Ninety-six percent of the oxcarbazepine 
dose is excreted in urine (83% as MHD or MHD glu- 
curonide, <3% as oxcarbazepine, 4%-7% as DHD). 

Based on single- and multiple-dose studies 43 the 
and AUC of MHD are 30% to 60% higher in elderly vol- 



unteers (age 60-82 years) compared with young volun- 
teers (age 18-32 years). This difference can be accounted 
for by age-related reductions in creatinine clearance 
(CrCl). There is a linear correlation between CrCl and 
renal clearance of MHD: when CrCl is <30 mL/min, the 
mean t,^ of MHD is prolonged to 19 hours and the 
mean AUC is increased 2-fold. Mild to moderate hepatic 
impairment (Child-Pugh classes A and B) does not signif- 
icantly alter the pharmacokinetics of oxcarbazepine or 
MHD. Data are not available regarding the effect of 
severe hepatic impairment (Child-Pugh class C) 43 

Drug Interactions 

In contrast to carbamazepine, oxcarbazepine and MHD 
are not generalized inducers of hepatic enzymes. They 
selectively induce the CYP3A4/3A5 isozyme, enhancing 
the metabolism of estrogen (mean decrease in AUC, 48%), 
progestogen (mean decrease in AUC, 32%), and felodi- 
pine (mean decrease in C^, 34%; mean decrease in AUC, 
28%). Induction of uridine diphosphate (UDP)- 
glucuronyi transferase activity occurs, leading to enhanced 
glucuronidation and elimination of lamotrigine (eg, mean 
decrease in C^, 29%). Inhibition of the CYP2C19 isozyme 
by oxcarbazepine/MHD can produce increases in pheny- 
toin and phenobarbital concentrations of up to 40% and 
14%, respectively. Hepatic enzyme inducers such as carba- 
mazepine, phenobarbital, and phenytoin enhance apparent 



25 



The American Journal of Geriatric Pharmacotherapy D.RJ*. Guay 



total body clearance (CL/F) of MHD by 25% to 40%. 
Verapamil and valproate may also reduce plasma concen- 
trations of MHD by unknown mechanisms. 40 

Adverse Effects 

Based on the results of double-blind trials in patients 
with epilepsy, 16,41,45,46 the most common AEs with 
oxcarbazepine include sedation, headache, dizziness, 
rash, vertigo, ataxia, nausea, and diplopia. These effects 
appear to be dose dependent, occurring at higher fre- 
quencies as the dose increases. Behavioral effects such as 
depression and mania occur rarely 47 Rash occurs less fre- 
quently with oxcarbazepine than with carbamazepine, 
and the rate of cross-reactivity is ~30%. 46 Unlike carba- 
mazepine, oxcarbazepine has been associated with no 
hepatic or hematologic toxicities. Although hypona- 
tremia is thought to occur more frequently with oxcar- 
bazepine than with carbamazepine, at least some of this 
difference may be accounted for by the enhanced moni- 
toring mandated in oxcarbazepine study protocols. The 
frequency of hyponatremia with oxcarbazepine has been 
reported to range from 22% to 73%. 46 Most cases are 
asymptomatic, but severe cases are occasionally seen. 
Most cases arise in the first 3 months of therapy, and risk 
factors include older age, premenopausal female, greatly 
increased fluid intake (eg, psychogenic polydipsia), renal 
impairment, postoperative status, and concurrent use of 
other drugs that can also reduce serum sodium. 

The mechanism of the latter effect is unclear but is pre- 
sumed to be complex, including changes in osmoreceptor 
sensitivity, release of antidiuretic hormone (ADH), sensi- 
tivity of kidney ADH receptors, a direct effect on renal 
tubular cells, and/or suppression of ADH breakdown. 
Serum ADH can be normal, increased, or decreased. 
Frequent electrolyte monitoring is recommended, partic- 
ularly during the first 3 months of therapy. 48 

The safety and tolerability of oxcarbazepine have been 
compared in patients with epilepsy aged >65 years (n = 
52) and aged 18 to 64 years (n - 1574) 48 Premature 
discontinuation rates due to AEs and AE profiles were 
similar in the 2 populations. The most common AEs in 
the older group were vomiting (19%), dizziness (17%), 
nausea (17%), and somnolence (15%), compared with 
headache (32%), dizziness (29%), somnolence (24%), 
and nausea (20%) in the younger group. Asymptomatic 
hyponatremia occurred in 3 older patients. 

Dosing 

Oxcarbazepine is available as oral tablets (150, 300, 
and 600 mg) and as an oral suspension (300 mg/5 mL). 



Based on data from the trials in epilepsy, 16 * 41 * 45 ' 46 the 
recommended adult starting dosage is 300 to 600 
mg/d, slowly titrated at weekly intervals, based on 
response, to a usual maintenance dosage of 600 to 1200 
mg/d. The drug is given 2 or 3 times daily. In patients 
with a CrCl <30 mL/min, the initial starting dose 
should be halved, followed by titration to response. 

Carbamazepine can be replaced by a 1.5-fold (1.2-fold 
in the elderly) higher dose of oxcarbazepine. Deinduction 
will occur with the removal of carbamazepine (exceptions: 
CYP3A4/3A5 and UDP-glucuronyl transferase sub- 
strates). As a result, the metabolism of oxcarbazepine 
(and other agents) will slow over a period of several 
weeks, necessitating dose reduction in some cases 43 

TOPIRAMATE 

Table III summarizes the results of case reports, case 
series, and controlled clinical trials of topiramate in neu- 
ropathic pain. 49 " 56 The pharmacokinetic parameters of 
topiramate are summarized in Table II. 

Pharmacokinetics 

First evaluated as an oral hypoglycemic agent, topira- 
mate is a sulfamate-substituted monosaccharide derived 
from D-fructose. 17 Food has no clinically significant 
effect on its oral bioavailability. Despite its low-capacity, 
saturable binding to the carbonic anhydrase of red blood 
cells (RBCs), topiramate exhibits linear pharmacokinet- 
ics. Topiramate is principally eliminated by the renal 
route, with 55% to 66% of a dose eliminated as parent 
drug. Although metabolism, which is accomplished via 
oxidation and glucuronidation, is usually of minor 
importance in overall elimination of the drug, it 
becomes more important in patients receiving inducers 
of hepatic enzymes. 

The findings of studies in healthy volunteers suggest 
that the pharmacokinetics of topiramate are not altered by 
advancing age. 57 However, in patients with epilepsy, a 
negative correlation has been found between the CL/F of 
topiramate and increasing age. 58 This may be explained, at 
least in part, by the effect of age-related reductions in 
renal function. In studies in patients with varying degrees 
of renal impairment, moderate (CrCl, 30-69 mL/min) 
and severe (CrCl, <30 mL/min) renal impairment 
reduced the mean CL/F by 42% and 54%, respectively, 
compared with patients with mild renal impairment 
and normal renal function (CrCl >70 mL/min). 
Hemodialytic clearance of topiramate was substantial 
(mean, 120 mL/min), suggesting that dose supplementa- 
tion may be required at the end of the procedure. 57 
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Drug Interactions 

The enzyme inducers carbarn azepine and phenytoin 
enhance the CL/F of topiramate by 40% to 50%. 
Primidone, phenobarbital, and oxcarbazepine also 
enhance topiramate CL/F. By an as-yet unknown mech- 
anism, valproate reduces plasma concentrations of topir- 
amate by a mean of 15%. Gabapentin and lamotrigine 
have no effect on topiramate CL/F. Topiramate reduces 
the CL/F of phenytoin by up to 25% in selected patients. 
This effect, which is the result of inhibition of the 
CYP2C19 isozyme, is inconsistent, occurring principally 
in patients at or near the saturation point of phenytoin 
metabolism. Topiramate reduces plasma concentrations 
of ethinyl estradiol by a mean of 30% (possibly mediated 
by induction of the CYP3A4 isozyme) and the C^ and 
AUC of digoxin by means of 16% and 12%, respectively 
(mediated by a nonrenal effect). Topiramate may 
enhance the hypoglycemic effect of metformin, although 
the mechanism by which this occurs is unknown. 40 

Adverse Effects 

The most common AEs reported in double-blind trials 
of topiramate in epilepsy 17,19 ' 41 ' 45 ' 46 ' 57 were related to the 
CNS (ataxia, impaired concentration, confusion, dizzi- 
ness, fatigue, digital and perioral paresthesia, somnolence, 
abnormal thinking, speech disturbances, language prob- 
lems). The frequency and severity of these effects were 
increased at higher doses, with more rapid dose escalation, 
and when the drug was used as a component of combina- 
tion therapy compared with its use as monothera- 
py > 17,19,45,46,57 ^ or >]rzmztz has been reported to have 
negative effects on cognitive function in patients with 
epilepsy, with significant declines in fluency, attention/ 
concentration, processing speed, language skills, percep- 
tion, and working memory (but not retention). 59 
Behavioral events such as aggression/agitation, emotion- 
al lability, euphoria, psychosis, and depression are seen 
rarely. 47 Nephrolithiasis (mainly calcium phosphate 
stones) is seen in -1.5% of topiramate recipients; most 
stones are very small and are passed spontaneously. The 
development of nephrolithiasis is probably mediated by 
changes in urine pH due to carbonic anhydrase inhibition. 

Two non-CNS AEs of topiramate are of particular 
interest. First, the drug may cause acute myopia and sec- 
ondary angle-closure glaucoma, presumably mediated 
by carbonic anhydrase inhibition. These events almost 
always occur in the first month of therapy, are manifest- 
ed by severe bilateral ocular pain and hyperemia, and 
usually remit within 24 hours of drug withdrawal. 45 
Second, most topiramate recipients experience weight 



loss, which becomes apparent within the first 3 months 
of therapy and peaks by 12 to 18 months. This weight 
loss appears to be dose related, with a 2% loss in body 
weight at dosages <200 mg/d and a 7% loss at dosages 
>1000 mg/d. Anorexia is a major contributor to this 
effect, at least initially. Obese patients experience greater 
weight loss than do nonobesc patients. Beneficial effects 
on plasma glucose and lipid levels have been reported 
along with this weight loss. 45 ' 60 

As both agents have similar biochemical effects (par- 
ticularly with respect to nephrolithiasis and weight loss), 
there may be a risk of additive toxicity with the combi- 
nation of topiramate and zonisamide. However, the 
extent of this risk is unclear at present. 39 

Dosing 

Topiramate is available as 25-, 100-, and 200-mg oral 
tablets and 15- and 25-mg sprinkle capsules. Based 
on data from trials in epilepsy, 17 ' 19 ' 41 ' 45 * 46 ' 57 the recom- 
mended starting dosage of topiramate in adults is 25 
to 50 mg/d, followed by titration in 25- to 50-mg/d 
increments every 1 to 2 weeks, based on response, to a 
usual maintenance dosage of 200 to 400 mg/d (maxi- 
mum, 600 mg/d). Doses are given twice daily. The 
sprinkle capsules may be swallowed whole, or the con- 
tents can be sprinkled on a small amount of soft food 
and swallowed without chewing. In patients with a CrCl 
<70 mL/min, the initial dose should be halved, followed 
by dose titration at a longer interval than usual (the 
longer t 1/2 prolongs time to steady state). There are no 
specific recommendations for dose supplementation 
after dialysis. 17 ' 57 

ZONISAMIDE 

Table IV summarizes the results of case series concern- 
ing the use of zonisamide for neuropathic pain. 61 "" 63 The 
pharmacokinetic parameters of zonisamide are summa- 
rized in Table II. 

Pharmacokinetics 

Zonisamide is 1 ,2-benzisoxazole-3-methanesulfon- 
amide. Use of this agent is contraindicated in patients 
with sulfonamide allergies. Such use has resulted in sev- 
eral deaths secondary to complications of severe rash 
(including toxic epidermal necrolysis and Stevens- 
Johnson syndrome), leukopenia, and aplastic anemia. 41 

Food has no clinically significant effect on the oral 
bioavailability of zonisamide. The pharmacokinetics of 
this agent are nonlinear (ie, C max and AUC do not 
increase in proportion to increasing dose). Zonisamide's 
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nonlinear pharmacokinetics are secondary to the extensive 
and saturable binding of zonisamide to the carbonic anhy- 
drase of RBCs (RBC/plasma concentration ratio, -8:1). 

Although zonisamide's is sufficiently long to 
allow once-daily dosing, twice-daily dosing is recom- 
mended to reduce the percentage of fluctuation around 
the average steady-state plasma concentration (from 27% 
with once-daily dosing to 14% with twice-daily dosing). 
Zonisamide is eliminated by both hepatic metabolism 
and renal and fecal excretion. Its metabolism involves 
acetylation, reduction, and glucuronidation. The reduc- 
tion reaction by which zonisamide is converted to 
2-(sulfamoylacetyl)-phenol (SMAP) is mediated by the 
CYP3A isozyme. Thirty-five percent of the dose appears 
in urine as parent drug, 15% as N-acetylzonisamide, and 
50% as SMAP glucuronide. 64 

The pharmacokinetics of zonisamide are not signifi- 
cantly altered by advancing age. No data are available 
regarding the effect of hepatic impairment on zonis- 
amide's pharmacokinetics. Renal drug clearance decreas- 
es with decreasing CrCl: when CrCl is <20 mL/min, the 
mean AUC of zonisamide is increased 35%. 64 



of zonisamide in the 1980s. Although this occurred 
rarely in Japan (incidence, <0.2%), 2% to 4% of US/ 
European patients developed stones of varied composi- 
tion (urate, calcium oxalate, calcium phosphate). The 
majority of these stones were small and required no 
treatment. Alterations in urine pH due to carbonic anhy- 
drase inhibition is the probable mechanism of this effect. 
Adequate hydration is necessary for safe use of this 
agent. 18 

Again, the potential for additive toxicity when zonis- 
amide and topiramate are used together remains 
unresolved. 41 

Dosing 

Zonisamide is available as a 100-mg oral capsule. 
Based on data from trials in epilepsy, 18 ' 41 * 64 the recom- 
mended starting dosage of zonisamide in adults is 100 
to 200 mg/d, followed by dose titration every 2 weeks, 
based on response, to a usual maintenance dosage of 
400 to 600 mg/d. Doses are given twice daily. No spe- 
cific dosing recommendations are available for patients 
with hepatic or renal impairment. 64 



Drug Interactions 

Concurrent use of hepatic enzyme inducers such as 
phenobarbital, carbamazepine, and phenytoin enhance 
the CL/F of zonisamide by 30% to 50%. In contrast, val- 
proate and lamotrigine may increase plasma concentra- 
tions of zonisamide. When combined with phenytoin, 
zonisamide produces a modest increase in plasma con- 
centrations of phenytoin (mean, 16%), probably via a 
weak inhibitory effect on the CYP2C19 isozyme. 
Assessments of the effect of zonisamide on the pharma- 
cokinetics of carbamazepine have produced variable 
results, although most data support metabolic inhibition 
(ie, plasma concentrations of carbamazepine increase 
and those of its epoxide metabolite decrease). 40 

Adverse Effects 

The most common AEs of zonisamide reported in double- 
blind trials in epilepsy were somnolence, ataxia, anorexia, 
confusion, abnormal thinking, nervousness, fatigue, and 
dizziness. 18 ' 41 ' 64 Paresthesia, seen with other carbonic anhy- 
drase inhibitors, is infrequently seen with zonisamide. 
Behavioral events such as psychosis, mania, depression, agi- 
tation, and irritability occur rarely. 47 Although less prob- 
lematic than with topiramate, clinically significant weight 
loss may occur with zonisamide. 45 

The occurrence of nephrolithiasis in early clinical tri- 
als led to temporary suspension of US/European trials 



LEVET1RACETAM 

Table V summarizes the results of case series concerning 
the use of levetiracetam for neuropathic pain. 65 "" 69 The 
pharmacokinetic parameters of levetiracetam are summa- 
rized in Table II. 

Pharmacokinetics 

Levetiracetam is the S-enantiomer of a racemic (R,S) 
pyrrolidine acetamide. 40 Food has no clinically signifi- 
cant effect on its oral bioavailability. The pharmacoki- 
netics of levetiracetam are linear. Drug elimination is by 
both metabolism and renal excretion. Metabolism 
occurs principally through hydrolysis of the acetamide 
group — a non-CYP-dependent reaction — to the main 
metabolite, UCB-LOS7 (accounting for 24% of the 
dose). Two other minor metabolites are produced, 
together accounting for <3% of the dose. Renal elimina- 
tion of parent compound and metabolites accounts for a 
respective 66% and 27% of the dose. 

The mean CL/F is reduced by 38% and the tw 2 is 
prolonged by 2.5 hours in elderly volunteers (age 61-88 
years) compared with young volunteers (age not stated). 
These differences can be explained by age-related reduc- 
tions in CrCl. The pharmacokinetics of levetiracetam are 
not significantly altered in patients with mild or moder- 
ate hepatic impairment (Child-Pugh class A or B), but 
the mean CL/F is reduced by 50% in those with severe 
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hepatic impairment (Child-Pugh class C), with the 
majority of the reduction due to reduced renal clearance. 
The CL/F of levetiracetam is correlated with CrCl: 
CL/F is reduced by respective means of 40%, 50%, 60%, 
and 70% in patients with mild (CrCl, 51-80 mL/min), 
moderate (CrCl, 30-50 mL/min), and severe renal 
impairment (CrCl, <30 mL/min), and end-stage 
(anuric) renal disease. A 4-hour hemodialysis session 
removes -50% of the levetiracetam body pool. 70,71 

Drug Interactions 

No clinically significant drug interactions with levetir- 
acetam have been identified to date. 40 

Adverse Effects 

Based on double-blind trials in epilepsy, 19,41 ' 71 the 
most frequent AEs with levetiracetam include dizziness, 
headache, fatigue, somnolence, and asthenia. Behavioral 
effects such as psychosis, depression, emotional lability, 
hostility, and nervousness are rare, although their risk is 
increased in the developmentally disabled and those with 
a history of psychiatric disorders. 19 ' 47 

Dosing 

Levetiracetam is available as 250-, 500-, and 750-mg 
oral tablets. Based on data from the epilepsy trials, 19 ' 41,71 
the recommended starting dosage in adults is 500 to 
1000 mg/d, followed by titration every 2 weeks, based 
on response, to a usual maintenance dosage of 1000 to 
3000 mg/d. The drug is given twice daily. Assuming a 
target dosage of 500 to 1500 mg BID in patients with 
normal CrCl (>80 mL/min), the respective target 
dosages in mild, moderate, severe, and end-stage renal 
disease (as defined earlier in this section) are 500 to 
1000 mg BID, 250 to 750 mg BID, 250 to 500 mg 
BID, and 500 to 1000 mg once daily, with a 250- to 
500-mg supplemental dose after each hemodialysis 
session. 19 ' 71 

ASPECTS OF GERIATRIC USE OF 
THE NEWER AEDS 

All 4 newer AEDs have the potential to enhance the CNS 
AEs of concomitant psychotherapeutic drugs (eg, phar- 
macodynamic interactions with opioids, antidepressants, 
neuroleptics). Although not as problematic as older 
AEDs, these agents (with the exception of levetiracetam) 
can interact pharmacokinetically with other drugs. Most 
studies of drug interactions with these agents have con- 
centrated on interactions with other AEDs and not on 
interactions with other drugs commonly used in older 



individuals. Knowing which drugs are metabolized by 
which CYP isozymes, as well as their relative potency of 
enzyme induction or inhibition, can help the clinician 
anticipate clinically significant interactions. 

In addition to CNS AEs, other AEs that can occur 
soon after initiation of therapy may be problematic in 
older patients. These include hyponatremia with oxcar- 
bazepine, nephrolithiasis with topiramate and zonis- 
amide, acute myopia with secondary angle-closure glau- 
coma with topiramate, and weight loss with topiramate 
and zonisamide. Older individuals frequently have dis- 
eases or take medications that can reduce serum sodium 
levels. The use of oxcarbazepine in such patients may 
result in symptomatic hyponatremia. The challenge of 
ensuring adequate hydration in frail elderly individuals 
(particularly residents of long-term care facilities) can 
make the use of zonisamide problematic in this popula- 
tion. Difficulties of ensuring adequate caloric intake and 
maintaining body weight can make the use of topiramate 
equally challenging in underweight elderly patients. 

CONCLUSIONS 

Preliminary data suggest that the newer AEDs oxcarbaz- 
epine, topiramate, zonisamide, and levetiracetam may be 
useful in the treatment of a variety of neuropathic pain 
syndromes, although full reports of controlled trials are 
required. These agents are associated with specific AEs 
not commonly monitored by clinicians. Clinicians 
intending to use these drugs should familiarize them- 
selves with their clinical pharmacology. Of the 4 agents, 
levetiracetam appears to be the easiest to use (ie, no need 
for dose adjustment in organ dysfunction, no need for 
laboratory monitoring) and best tolerated, and has not 
been associated with the unique toxicities reported for 
oxcarbazepine, topiramate, and zonisamide. Determination 
of the role of these agents in the therapeutic armamen- 
tarium against pain will require further research and 
experience. In the interim, these 4 agents should be 
used to treat neuropathic pain in the elderly only when 
carbamazepine, gabapentin, or lamotrigine cannot be 
used or when the response to the aforementioned agents 
is suboptimal. 
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